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Dear Editor,
We read with interest the recent publication ‘‘Muscle
activations under varying lifting speeds and intensities
during bench press’’ (Sakamoto and Sinclair 2012). In the
title and throughout this paper, the term intensity is used.
We suggest that this usage is inaccurate, both here and
more widely, with reference to the percentage of one rep-
etition maximum (%1RM), e.g. the higher the %1RM, the
higher the intensity (Sakamoto and Sinclair 2012). How-
ever, %1RM is simply a reference to load. Authors have
attempted to justify this use (e.g. Fry 2004; Willardson and
Burkett 2008) by pointing out that intensity is a common
term for %1RM. A major problem with this argument is the
inability of this term to accommodate effort, load, repeti-
tions, inter-individual genetic influences such as muscle
fiber type and repetition duration. This letter intends to
address these issues and more accurately define potentially
confusing terminology.
Effort
Within the area of cardiovascular or aerobic exercise,
intensity is generally considered to represent the effort
required by the body at a given velocity, incline, and
resistance (or other variable) at a given work rate and is
typically expressed relative to quantities such as heart rate
(HR), % of heart rate maximum (HRM), blood lactate
(BLa) or oxygen uptake (VO2). With regard to muscular
effort, however, the percentage of 1RM is purely a repre-
sentation of load. Whilst increasing or decreasing a given
load might indeed require greater or lesser effort, it should
never be considered a measure of the effort or intensity that
the body is working at. It is surely not acceptable that
terminology can be used with different meanings based on
differing modalities of exercise being performed.
Repetitions
Under the present definition, any number of people com-
pleting the same number of repetitions at the same %1RM
(i.e. at the same relative loads) is deemed to be working at
a measurably identical effort level. This is incorrect.
Hoeger et al. (1987, 1990) and Shimano et al. (2006)
reported 1RM values and respective RMs for given %1RM
for male and female, trained and untrained participants, and
their data show large variations in the number of repetitions
possible for the same %1RM between participants.
Shimano et al. (2006) also highlighted that at the same
load (60 % 1RM) there were significant differences for
trained persons between the number of repetitions possible
between squat (8.8 ± 0.7), bench press (7.0 ± 1.7) and
arm curl (6.4 ± 2.0) exercises. Thus, even at the same
relative load, a single person appears to respond differently
to these different exercises. For example, based on the data
by Shimano et al. (2006) six repetitions at a load of 60 %
1RM might induce a lower effort level for a squat exercise
than for an arm curl exercise. Thus, they cannot be con-
sidered the same intensity. In fact, Shimano et al. (2006)
Communicated by Susan A. Ward.
J. Fisher (&)
Department of Health, Exercise and Sport Science,
Southampton Solent University, East Park Terrace,
Southampton SO14 0YN, UK
e-mail: James.fisher@solent.ac.uk
D. Smith
Manchester Metropolitan University, Crewe, UK
123
Eur J Appl Physiol
DOI 10.1007/s00421-012-2463-0
Author's personal copy
also recorded ratings of perceived exertion (RPE), report-
ing no significant differences between maximal repetitions
to failure for 60, 80, and 90 % 1RM for arm curl and bench
press. Thus, when performed to muscular failure, regard-
less of load, each exercise was of the same intensity.
Interestingly, the authors did find a significantly higher
RPE for 60 % 1RM for the squat exercise when compared
to 80 and 90 % 1RM. If perceived exertion is scored higher
at a lower load, then quite simply; how can 80 or 90 %
1RM be considered a higher intensity than 60 % 1RM?
We might also consider muscle fiber type (Douris et al.
2006), motor unit recruitment and firing patterns (Sale
1987; Westing et al. 1991), mechanical efficiency (Nelson
et al. 2011), and limb length (Miller et al. 1993), which can
all affect maximal and sustained force production. This
means that the knowledge of a person’s 1RM for a given
muscular load does not provide any accurate basis for
prediction of how many repetitions that person can perform
at any given %1RM, let alone could it be generalised
across other exercises or groups of individuals.
Repetition duration
Finally we might also consider the effects of repetition
duration (commonly and incorrectly cited as speed; e.g.
Sakamoto and Sinclair 2012). Speed, by definition is a
product of the time taken to move a given distance. This is
confirmed by the units used to measure speed, e.g. meters
or centimeters/second (m/s, cm/s) in linear movement, or
degrees/second (/s) in rotational movement. Consider a
study where the participants perform a free-weight exercise
and are controlled for repetition duration (e.g. 2 s con-
centric:2 s eccentric) but not controlled for range of
motion. We can assume that there might be some, albeit
minor, disparity between participants in the distance the
weight is moved. However, if participant (a.) moves the
weight a greater distance at the same repetition duration as
participant (b.), then it is evident that participant (a.)
actually moved the weight at a higher speed (e.g. a greater
distance in the same time).
Researchers considering repetition duration have
reported that, when performed to muscular failure, a
greater number of repetitions are possible at lower repeti-
tion durations (Lachance and Hortobagyi 1994; Morrissey
et al. 1998; Sakamoto and Sinclair 2006). Thus, at longer
repetition durations, a lower number of repetitions are
likely, suggesting that the force requirement and fatigue are
greater. Indeed, a recent study considering submaximal
exercise (3 sets of 5 repetitions at 70 % 1RM) reported
significantly higher anaerobic-, and total-energy expendi-
ture for participants when performing longer (5 s) com-
pared to shorter (3 s) repetitions (Scott 2012). Based on the
evidence, repetition duration clearly interacts with the
intensity of exercise; e.g. moving two identical loads at
different repetition durations would require a differing
amount of energy and effort, and thus intensity.
Interestingly, Sakamoto and Sinclair (2012) state that they
did measure vertical bar displacement using a string poten-
tiometer, with an absolute error of less than or equal to 1 mm.
However, it is unclear as towhether thiswas used to control or
maintain the distance the bar was moved for each repetition,
between participants, or simply to measure the speed. Either
way it is unfortunate that the authors do not make mention of
the distance the bar was moved by each participant (pre-
suming they were not identical), and that the authors then
repeat the earlier inaccuracy of using the term speed to rep-
resent the repetition duration (e.g. 5.6, 2.8, and 1.9 s).
Amidst this confusion in terminology, we can assume
that 1RM is the maximal effort and thus maximal intensity,
which presumably is from where %1RM has been derived
as an incorrect measure of relative intensity. However, the
evidence presented shows that below maximal (e.g.\1RM)
any %1RM immediately becomes a representation of the
relative load used, and only the load used; not the relative
intensity of the participant.
Ultimately the misuse of the term intensity represents a
plethora of potential complications and inadequacies in
research, where in reality use of the term load would
resolve any complications, and provide a more scientifi-
cally accurate definition. Intensity, within resistance train-
ing, is simply the ‘level of effort applied to a given load’.
Previously authors (e.g. Carpinelli et al. 2004; Fisher et al.
2011) have suggested this amendment but apparently the
efforts to change this paradigm have not been widely
enough accepted. Perhaps authors, editorial boards,
reviewers and readers, as well as members and coordina-
tors of associations such as the American College of Sports
Medicine (ACSM), National Strength and Conditioning
Association (NSCA) and other scientists might consider the
accuracy and use of this terminology in the future.
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